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' PREFACE

Project MICHXGAN Is a contlmlng. long-rangc research and development pro-
T gram for advancing thé Army's combat-survelllance and target-acquisition capabil-
,itles. The prograrh is ca}ried out by a .tullotime Institute of Science and Technology
. staff of specialists in the fields of physlcs, engineering, méthemetlcs. and psychol-
© ogy, by members of the teaching faculty, by graduate students, and by other reseax'ch
groups.and-laboratories o{ The Unlversny of Michigan,

‘l'hc emphasis of the Project is upon research in imaging radar. MTI radar, .
tntrared, radlo tocation, imagé processing, and speclal lnvestlgztlons. Particular - F .
attention.is given to au-veather. long-range. hlgb-tesolutwu sensory nd locatm T,

techniques. '. L : e LT
Project JvanIGAN ‘was e'stabtmad' by the U: S, Army Sanal Corpe at ‘The Unl. . .
. verslty of Micbigan {n 1953 and has received continuing support from the U S. Army. T
The Project constttutes a major portion of the diversified program of ‘research cou- '
ducted by the Instltute of Science and Technology in order to make avallable to gov-
ernment and lnciustiy the resources of The University of Michigan and to b'readen :

" the educational opportunities {or students in the scientific and englneering disciplines, .

: ‘Documents Issued in this seriés 6f Technical Memorandums areé published by -
. the Institute of seienee and Technology in order to disseminate scientific and en-
«- gineering information as speedlly'aid as wtd'ely as possible. The work reported
may be incomplete, but it is considered to be useful, tntex.'eltlng. oy suggesti've enodgh
to warrant this early publi_eeu'on. Any conclusions are tentative, of course. Also in’
' cluded in this serles are re.poxts of work in progréss which will later be combined
: wlth other materials to form a2 more comprehennve contrnmtlon in the field.

. Progreu and results ducrlbed {4n reports are continually reassesséd by Proj- :
) ect M!CH!GAN. Commonts and suuemcns (l’ﬂl readers are invited,

.ot L ee T, s, " Robert L, Hess
. . Lo . S Director -
. 0 eyt iy <, ’ Project MICH!GAN
" c * '.l"' :. . A " .
P A : 1t



*e% | RESPONSE BIAS EXPLANATION OF WORD. FREQUENCY EFFECT o o

. . . o

. .
ABSTRACT - . . ) IR .
e, . . . . .' . . . . R °
ot . The word-frequency effect obscrvestint, when-presented Ia equally nolsy ° o . . °
. eonditions, words occurring more frequently in the language are identified - .
correctly more often than words oceurring less frequently. The response bias g e e
explanation avers that this finding is due solely 10 the tendency { respond meve o s “ .
. . lrequently with the common, or more lreqnm. words, . .o R
wer g In a test of this explanation of word-frequeney effeet, printed five-tetter .
o+ 7 words with letter deletions simulating differemt noisy conditions were used, ™ .
2 . resilts show that a response bias model denytag stimull any role accounts for =« ¢ * o
e . practically all of the variance in the worde{requency effect at high noise levels, . -
. *  The model, hawever, is Internally restricted, and its efficiemcy is artifactual, N . .

Another formutation, based on the Brown and Rubensteln model, will be tested . ° :
o  ina future experiment, This aew {ormulation is mmptinliw instead of ade .
dmn. and is a0 loucr mtemuy (umeud.

o -
.

e .t A relpoale blas model dncbpec by Bmaad Rubeastein 1) deues stimuius ap, rote o,
.producing the word-lrequencr effect and Instead nmmcs that, ¥f the amount of agise present *

. q-ency class iucreasel too. as don the ‘probability of correct gesponse.

is.the same, the pcueotage of correct respoases o words (a2 given word-frequency elass ..
-m be equal to thc paveantage ol correct responses to words {rom any othey word- -frequency

* class having the same probability of sesponse, According to ths modgl, the protabitity-of

" correct response p(C) Is mesely a constamt fenction b of the probability that the yesponse to a
word {rom a given words{requency class will be cosrect=that Is, pa‘, R’). where § e!. Bee

cause the stimulf have a (lat ustrﬂmlou. all incorrect responses of a gtvcn woxd.lreq-my

class will also have 8 flat distributton across stimull from other word-(requeuy classes, OF

gourse, as 8/N increases, the probability that stimulus and respouse will agree in ward-free

By knowing that equal mmbcu of the stimulus words preseated are taken trom each worde

frequency class —that is, psl) = 1/n; by knowing the probability that a response will be (roin
a given word-{requency class, ‘p(B‘); and by knawing a constant ¢, one ean prediet the éncrease

"in werd-{requency effeet, b/n.
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@ ) Y P . . .
. ° . ¢ © . o . M . e, . .
; L - .. tn'an experiment condusied to test the Brown anil Rubensteln l;tode!. 64 printed Engtisy
o n words five letteys long were used as stimull (see Table 1), Sixteen words were selected at
W W * ¢ random from each of four words(requency classes determined Ly Thoradike and Lorge (2). °
. Median word trequeuclea of the etasses were 0.5, 8,0, 30, and 500 words pec million, One, -
: R ' O !wo. three, or fouy leters were deleted (rom each vord. inthe ptlem ummatued n Tablc -
RS .+ Mo Thus there were 256 different stimulty” © .. - "

Four gmps. of 40 undergraduate Ss ear, filled detetions n the 62 dltferent wm. Each .
. ' group saw a different deletion pattern for sach word tat worked on all detgllou patlesns, 88 -. P
) . ,' - . .'. were, instructed 1o respond with 62 different words, This instruetion reduced thie mmbot-o;l . o
oit : common«word responses, flattcned the distriustion aggoss word-(tmeaetes. and previded a e

O

IR .~ sharper lest of the model, .. - : oo
o :-' Lt ', Results ark summarized ia Tables m and 1V, and In Figeres 4 and 2, ‘The foliewing points
LI . are noteworthy. G2} The data dc!crmulu; the b valugs show s extellent fit; see, in Table I, .

- *  the regresston ot pC) on p(s.a Y from the diagonal cells, (b} Plutttng the distributions of lae

“re %t correct responscs {rom each ol the four vonl-!rcqlency classes gives a nearly (lat curve; see *
«i.in 07 the columin distributions in Table Hl. (c) As Table IV shovs, the predicted and tho'obtained . [ .
A rcgvessions are very similar (the ohu!nea Slopes were taken from the column marginals in . "

e : . Tablc lll). ., P | . * . Se
o0 ® e ® s 2 ..
. . . . ' e * . * ..
LLraetnie e gABLE I WORDS USED ACCORDING TO WORD.

Pl i L, LN U. . FREQUENCY GROUP (WORDS/MILLION WORDS) |
e T e , (FROM REFERENCE 2 Tl

T T os . 80 0.0 500 RS
., . . . » . b N T . ®e e e
;. . ' - . ® -' ., . -.-.. ., : " 'ﬂam s emavoy . gﬂ" . marr' .. . e " O
LT 4.t 0 4 shemd © rigoe o organ voice , Y
T weSr o, et getup .probe o slove smile . T e
0Ty, P AL Y patty . piche® ¢ twist month . . . -
‘5...‘ s .o ".- . .t . caulk * shafe .gmch began . ;‘ . et
S T e, ! plumy ¢ jarce® . Queer *  water S, 1t e o
(e LT . co, * atomy react Quate heard e .
ove L c Uttt L chump Moary merry small e °,
: to s « W ° ‘hares ¢ pilky majos: order LT .
A . e e, ascot," *° clamp lines price  ° e,
' LR tes L e ‘faker . , Woody shoek potnt I O
" el Lo e . gvict booty erueld light . o IR
* e ¢ . ¢todeg lorry briek carry °* . . I
. ", . . L o Julep shyly * . Weth for¢e ., . * .
S L T e 0t o e Lyodelt gruil dying heart . A
Y e e .+ bilge - inlet wreeh start “w e W e o
R "'. . -c° . ..: - .. -‘. S 2 . o * . .~ . . ..
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) o v o e °, . B o
« ¢ or ° ‘t e .. . ° . &
° ‘u c” ° Ve . . C.. " 4% e . e o e .
* ...' . [ ] '.' . ‘l. u‘ . ® * - * 2 B :n . * . * ..
F L ° . N . . . fe ro - - e - .:. %eq
* Wmtitute of Stience end Technelegy . .o ..~ The Ualversity of Michigaa .
.. ) ° ) ’ * ) e, ¢ : R X 't ) '. °r ?
, - TABLED, SAMPLESOFALLDELETIONPATTERNS - . ..  :°  °
L P-;.;;' .RE___ ME_R_ °spoc_ . oo T
. e -e--: . 'r “ :oon— . PO_NT .D- ,. . ..-.
L) -—o‘- ) ---Ts .A tn ' -R.ur.r . . o :
.. ---L- .*--nk .D ' o : . .
. * ? ' \ﬂ. . @ ® ¢

., : . *Thesg patteras were ﬂled lu the actual experiment,
. but were not indicated since they were nol comparable to
« . hcothers in Table ll. © .

@ @

. "TABLE il PROBABILITIES e m oF STIMULY (nows) AND RESPONSES
) (COLUMNS] BY FREQUENCY INTERVAL, p{C) is underscored.

[

s . 80 50 500

0.5 126,012 N9 . 2008 . 6.0

8.0 03 '8.60,0.06 1S .23

50 308 ° 601 4,060 64T

500 0,69 59 nss 71,092
3.6 o 26,89 4“8 2058

() One Jetter given o

05 211,058 743 A 5.28 - R

S0 089 . 804,162 1032 - ST

50T 126 .. B3 . A2T,390 621 . LT g et

500 032 . 48T 98T - . 10.60,1.66
- 458 2588 . 4L L anee oLl T LT
. .. S (o) Two letters given L. e o .,"_.-'_',.-,.:- e .

" 05, 535,835 Sa8 . W . WO .o T
" 50 043 42,1068 696 . . 48 . e P

» . . .3 0.

.
* s0 023 .0 868 * 166,127 2.6 v v ctec MU
e il

. .50 .00 408t 820 TR N T S
e, g0, ar. TTsear | v, 2 T lvoraT ’
N . . (ﬂn}e‘mg..ngh., . .' S ‘.... . ,‘.... .
08 15041582 & . a8 . 0s . UVl -
T %p 000 . 3296,2208 208 - 000 L . T0e . e e oeels
« 50 048 R Y

‘500 004 | 048 32 . . %3, oo TR,

s T, 158" 300 T 300 w2 e
T {d Four tetters glna R LT ae "
o . h. o . ] 3 a " . N . T
% e . ¢ s '..: $ ‘e '
L N L : a‘ ) . . "} ) ol L n i



. i P * ., ., : ® Eo
o B . o ‘-. ’ . . . . .. L "% e
. O ¢« o b * *® . . :
. . b4 . .. L4 ° . . . o
o tmfitvte of Sclente end Zechnotegy . . . The Uhlversity of Michigea
‘e ® '.. .. o o . ) ' T .. .
: . * «* . . . :; . '. . . . . * ..
:c.. * L3 . te T s e ® . Te .« ® o °° t. .
. " ’. TABLEIV. PREDICTED (iyn) VALUES AND OBTAINED (COLUMN
LS *  MARGINAL} YALUES OF REGRESSION SLOPES  * .
) L e " Number of Letters Given . T
" . ! 3 I I
. . Ya 0.012 0.066 0.132- 0.207
. AR B (data) 0.012 0088 040 0.355°
AR 1 ' .
¢ e . . '200 '. . . .

oplo

10+ S
¢ b=20.53 )
% ° J . . . Y
N . @ ’ . . .
Z’K bed2? ..
N ) O 2. O b =0.0% * ‘e
o v . v 2 0 I ‘7 .
[ 10 20 b .
: pisy Rbe) ° o

FIGURE :. REGRESSION OF p(C) ON MS’. R”. FOR i -.’. tnternal

2 parameter is the aumbey of letters givem in each word. p(C) = per-
eentage of correct identifieations, p(Sl, R’), where { = j, = pergent-.

age of respense words agreeing in wordefrequency class with stim-

. @ wus werds, p(R‘) = percentage of response werds in each word-
. . frequensy class,
L] ° L]
- o© . o ~
© . ° »
° &
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